Leptospira interrogans serovar lai was identified in China in 1966 as a new serovar of the icterohaemorrhagiae serogroup by cross-absorption tests. In this study, we established three hybridoma cell lines producing monoclonal antibodies (MAbs) of the immunoglobulin G3 subclass (LW1, LW2, and LW3) and of the immunoglobulin M class (LW4a) against serovar lai strain 017 by the cell fusion technique. (1, 7, 8, 12, 15) .
Leptospira interrogans serovar lai was originally isolated in 1958 in China, where this serovar is the most commonly encountered etiological agent of leptospirosis, causing over 50% of the disease cases (5) . It is interesting that the leptospirosis caused by this serovar is of the anicteric type, which differs clinically and pathologically from the typical presentation of Weil's disease.
At present, serogroup icterohaemorrhagiae is serologically classified into 12 serovars according to the list of the Subcommittee on the Taxonomy of Leptospira (6) . Serovar lai was identified as a new serovar of the icterohaemorrhagiae serogroup by cross-absorption studies in China in 1966 (10) .
Classification data generated by the cross-absorption test with polyclonal antibodies are relatively complicated to analyze. On the other hand, monoclonal antibodies (MAbs) are regarded as a more useful tool for classification. There are numerous reports on the antigenic analysis of various leptospiras with MAbs (1, 7, 8, 12, 15) .
In the present study, four hybridoma cell lines secreting MAbs against L. interrogans serovar lai strain 017 were established, and these MAbs were applied to the study of the organisms by the microscopic agglutination test (MAT), enzyme-linked immunosorbent assay (ELISA), and indirect immunofluorescence assay (IFA). Furthermore, the chemical nature of the antigenic determinants of the organism recognized by the MAbs was examined by an inhibition ELISA.
MATERIALS AND METHODS
Strains and cultivation. L. interrogans serovar lai strain 017 was kindly provided by Y. Arimitsu, Department of Applied Immunology, National Institute of Health, Tokyo, Japan. This strain and the other Leptospira strains (see Tables 1 to 6 ) were cultured in Korthof medium at 30°C for 7 days.
Immunization of BALB/c mice. BALB/c mice ( (9) . The spleen cells of immunized BALB/c mice were fused with P3-X63-Ag8-U1 mouse myeloma cells at a ratio of 10:1 by using 50% polyethylene glycol 4000 (E. Merck AG, Darmstadt, Federal Republic of Germany). Fused cells were cultured in hypoxanthine-aminopterin-thymidine medium. Two weeks later, the culture medium was replaced with hypoxanthine-thymidine medium, and the culture supernatants were tested for the formation of specific antibody against sonicated cells of strain 017 by the ELISA. The MAb-positive hybridomas were cloned at least twice by limiting dilution techniques.
ELISA. The sonicated antigen of leptospiral cells was prepared by the method of Adler et al. (2) , and the microplate (Falcon no. 3072) was coated with the antigen overnight at 4°C. Each well was washed with phosphate-buffered saline (PBS) (pH 7.4) and blocked with 5% newborn calf serum-PBS at room temperature for 1 h. The antigen-coated wells were washed with 1% newborn calf serum-PBS. The supernatants of hybridoma cultures and serial dilutions of ascitic fluids from mice inoculated with hybridomas were added to each well for the screening of MAb production and for the determination of immunological reactivities, respectively. The plates were stored overnight at 4°C.
Biotinylated anti-mouse immunoglobulin G (IgG) (Vector Laboratories, Inc., Burlingame, Calif.) was added to each well. After incubation at 37°C for 2 h, the plates were washed with Tris-buffered saline (pH 7.4) and peroxidase-avidin D (Vector) was added. After incubation at 37°C for 20 min, each well was washed with Tris-buffered saline and the substrate solution was added. The plates were incubated at 37°C for 15 min in the dark. The substrate was prepared by the addition of 20 FlI of 30% H202 to 100 ml of 0.04% (wt/vol) o-phenylenediamine (Nakarai Chemicals, Kyoto, Japan). The reaction was stopped by the addition of 200 ,ul of 2 M H2SO4, and the optical density was measured at 492 nm with an enzyme immunoassay reader (Corona Electric Co., Tokyo, Japan). MAb production in vivo. The hybridoma cells (107 cells) secreting MAbs were inoculated intraperitoneally into pristane-primed BALB/c mice. After 2 weeks, the ascites fluids of the mice were harvested and centrifuged at 1,000 x g for 10 min. The supernatants were pooled and used as a source of MAbs.
Determination of classes and subclasses of immunoglobulins. The immunoglobulin classes and subclasses of the MAbs were determined by the micro-Ouchterlony method (13) with goat anti-mouse IgGl, IgG2a, IgG2b, IgG3, and IgM antisera, which were purchased from Tago Co., Burlingame, Calif.
MAT. The MAT was carried out by the method described in the guidelines of the World Health Organization (17) .
Leptospira culture medium (25 pi) and the same volume of twofold serial dilutions of ascites fluid containing MAbs were mixed and incubated at 30°C for 2 h. The MAT titer was the reciprocal of the highest dilution in which 50% of the leptospires were agglutinated.
IFA. The IFA was done by the method of Lukehart et al. (11) . A portion of the organism suspension was dropped onto a glass slide, air dried, and fixed with acetone for 10 (Fig. 1) . However, no inhibitory activity was observed also prepared MAbs against leptospiral genus-specific pro- tein antigens. They demonstrated that MAbs are useful tools Furthermore, Kobayashi et al. (8) reported that some MAbs for the classification or identification of leptospiras.
against serogroup icterohaemorrhagiae cross-reacted with In this study, we established four cell lines producing serogroup canicola. Such results suggest that similar antiMAbs against L. interrogans serovar lai strain 017. We genic determinants exist on the cellular surfaces of seroconfirmed that this organism is properly classified as a groups canicola and icterohaemorrhagiae. serovar of the serogroup icterohaemorrhagiae by using the The reactivity of the MAbs against serovar lai with the MAbs. MAbs LW1 and LW3 reacted specifically with memserovars of serogroup icterohaemorrhagiae and sarmin were bers of the serogroup icterohaemorrhagiae alone among all examined by the MAT (Table 2 ). LW1 and LW3 reacted with the serogroups tested by the MAT, ELISA, and IFA. On the serovars lai, birkini, and gem at titers of 1,280 to 5,120, other hand, MAb LW2 reacted not only with serovars of suggesting a similarity of antigens among these serovars. serogroup icterohaemorrhagiae but also with serogroup ca-LW2 reacted with various serovars of serogroup icteronicola at a low titer. Previously, Auran et al. (3) showed that haemorrhagiae, except for serovar tonkini (Table 2) , and polyclonal antiserum against serovar canicola strain Hond may recognize a common antigen of serogroup icterohaeUtrecht IV reacted with serogroup icterohaemorrhagiae. morrhagiae, except for serovar tonkini. Our findings agree (14, 15) purified partially the genus-specific protein antigen from L. interrogans serovars kremastos and canicola and established an anti-genusspecific protein antigen MAb (GP-7). MAb GP-7 reacted with the genus Leptospira but not with L. illini. The immunological characteristics of the antigen recognized by LW4a are similar to those of the genus-specific protein antigen. However, the chemical natures of these antigens differ with regard to stability against oxidation by periodate. The antigen recognized by LW4a was unstable against periodate oxidation (Fig. 1) .
Based on the results of the inhibition ELISA, the antigenic determinant recognized by the MAbs may be a carbohydrate moiety of the OE. Auran et al. (4) demonstrated that a potent protective antigen for vaccination against leptospiral infection is present in the OEs of the organisms. The chemical nature of the active principle of this protective antigen in the OE is necessary for the development of an effective vaccine.
